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(54) Optical space communication apparatus 

(57) In an optical space communication apparatus, 
a first electrical signal is converted into a first optical sig- 
nal, and the first optical signal is transmitted to a partner 
apparatus in the form of a first light beam. A second light 
beam transmitted from the partner apparatus is 
received to thereby detect a second optical signal by a 
photodetector of the optical space communication 
apparatus. The second optical signal is converted into a 
second electrical signal. A transmission direction of the 
first light beam and reception direction of the second 
light beam are changed in a direction to maximize an 
intensity of the second electrical signal obtained by con- 
verting the second optical signal detected by the photo- 
detector. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to an optical 
space communication apparatus for making optical 
wireless communications between two distant places 
using a light beam. 10 

Related Background Art 

[0002] Fig. 1 shows the arrangement of a conventional 
optical space communication apparatus with an auto- is 
matic tracking function. A light transmission/reception 
lens system 1 and movable mirror 2 are placed at a 
position opposing the partner apparatus and a polari- 
zation beam splitter 3, transmission optical system 4, 
and semiconductor laser light-emitting element 5 are 20 
placed in turn in the incoming direction of the movable 
mirror 2. In the reflection direction of the polarization 
beam splitter 3. a beam splitting mirror 6, reception opti- 
ca! system 7, and 4-spIit photodetector 8 are placed. In 
the reflection direction of the beam splitting mirror 6, a 25 
reception optical system 9 and main signal photodetec- 
tor 10 are placed. 

[0003] The output from a multiplexer 1 1 is connected 
to the light-emitting element 5. The output from a pilot 
signal generator 12 for generating a pilot signal of a sin- 30 
gle frequency lower than that of the main signal for posi- 
tion detection is connected to the multiplexer 1 1 , and 
the output from a main signal input terminal 14 to the 
multiplexer 1 1 via an amplifier 13. The output from the 
photodetector 10 is connected to a main signal output 35 
terminal 1 6 via an amplifier 1 5, the output of which is fed 
back via a detecting circuit 17. The output from the 4- 
splrt photodetector 8 is connected to a control circuit 19 
via four amplifiers 18a to 18d, and the output from the 
control circuit 19 is connected to the movable mirror 2 40 
via two movable mirror drivers 20a and 20b. Note that 
the movable mirror 2 is rotated in two directions about 
axes perpendicular to and parallel to the plane of paper 
of Fig. 1. 

[0004] A main signal to be transmitted input from the 45 
input terminal 14 is amplified by the amplifier 13, and is 
multiplexed with a pilot signal from the pilot signal gen- 
erator 12 by the multiplexer 11. The main signal is then 
converted into an optical signal by the light-emitting ele- 
ment 5. The output light coming from the light-emitting so 
element 5 is polarized light, the plane of polarization of 
which is parallel to the plane of paper of Fig. 1 , and is 
transmitted through the transmission optical system 4 
and polarization beam splitter 3. The main signal light is 
then reflected by the movable mirror 2. and is output 55 
from the transmission/reception lens system toward the 
partner apparatus in the form of a light beam. 
[0005] On the other hand, a received light beam com- 



ing from the partner apparatus enters the transmis- 
sion/reception lens system 1. is reflected by the 
movable mirror 2, and then enters the polarization beam 
splitter 3. In this case, since this received light beam is 
polarized in a direction perpendicular to the plane of 
paper, it is reflected by the cemented surface of the 
polarization beam splitter 3, and travels in the direction 
of the beam splitting mirror 6. The received light beam is 
split into two directions by the beam splitting mirror 6. 
One light beam is reflected by the beam splitting mirror 
6, and is focused on the main signal photodetector 10. 
On the other hand, the other light beam is transmitted 
through the beam splitting mirror 6, and is focused on 
the 4-spIit photodetector 8. 

[0006] The optical signal is converted into an electrical 
signal by the main signal photodetector 10, and the 
electrical signal is amplified by the amplifier 15. The 
amplified signal is then output as a reception signal from 
the output terminal 16. At this time, the amplifier 15 
receives a signal fed back from the detecting circuit 17 
to attain automatic gain control. 
[0007] On the other hand, since the 4-split photode- 
tector 8 has a low response speed, it has nearly no sen- 
sitivity to the high-frequency main signal, and detects 
the low-frequency pilot signal alone. A focused beam 
spot is formed on four photodetection portions 8a to 8d 
of the 4-splrt photodetector 8, and the outputs from 
these photodetection portions 8a to 8d are output to the 
control circuit 19 after being respectively amplified by 
the amplifiers 18a to 18d, The control circuit 19 sends 
drive signals to the movable mirror drivers 20a and 20b 
on the basis of the signals from the four photodetection 
portions 8a to 8d to drive the movable mirror 2, so that 
the focused beam spot position is located at the center 
of the 4-splrt photodetector 8, and outputs from the four 
photodetection portions Sa to 8d become equal to each 
other. 

[0008] Since the positions of the light-emitting ele- 
ments 5, 4-split photodetector 8, and main signal photo- 
detector 10 are adjusted in advance to agree with each 
other on the optical axis, when the beam spot is formed 
at the center of the 4-split photodetector 8, the light 
beam is also focused at the central portion of the main 
signal photodetector 10. At this time, the transmission 
light beam originating from the light-emitting element 5 
is normally output in the direction of the partner appara- 
tus. 

[0009] In this way, even when the angle of the appara- 
tus has changed due to an external force, changes in 
temperature, and the like, the automatic tracking func- 
tion effects by moving the movable mirror 2 to form the 
beam spot at the center of the 4-split photodetector 8, 
thus maintaining a satisfactory communication state 
without any deviation of the light beam from the direc- 
tion of the partner apparatus. 
[001 0] However, the aforementioned prior art requires 
the beam splitting mirror 6 for splitting the received light 
beam, and the 4-split photodetector 8, main signal pho- 
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todetector 10, and light-emitting element 5 require pre- 
cise positional adjustment. As a result the optical 
system and its holding mechanism are complicated, 
and adjustments upon assembly becomes hard. In an 
electric circuit section, the transmitter requires the pilot s 
signal generator 12 and multiplexer 11 , and the receiver 
requires the amplifiers 18a to 18d corresponding to the 
photodetection portions 8a to 8d of the 4-split photode- 
tector 8. Furthermore, adjustments for matching the 
characteristics of the four amplifiers 18a to 18d are w 
required. In this way, the apparatus becomes expensive 
resulting from the automatic tracking function and its 
weight and size increase. 

SUMMARY OF THE INVENTION is 

[0011] It is an object of the present invention to pro- 
vide an optical space communication apparatus which 
can solve the aforementioned problems, can broaden 
the automatic tracking angular range by a simple 20 
arrangement, and has an inexpensive automatic track- 
ing function. 

[001 2] In order to achieve the above object, an optical 
space communication apparatus according to the 
present invention is characterized by comprises trans- 25 
mission means for converting a first electrical signal into 
a first optical signal, and transmitting the first optical sig- 
nal to a partner apparatus in the form of a first light 
beam, photodetection means for detecting a second 
optical signal by receiving a second light beam transmit- 30 
ted from the partner apparatus, and converting the sec- 
ond optical signal into a second electrical signal, and 
changing means for changing a transmission direction 
of the first light beam and a reception direction of the 
second light beam in a direction to maximize an irrten- 35 
sity of the second electrical signal obtained by convert- 
ing the second optical signal detected by the 
photodetection means. 

[0013] Especially, the optical space communication 
apparatus according to the present invention is charac- 40 
terized in that a receivable angular range of the second 
optical signal is not more than a divergent angle of the 
first light beam to be transmitted. 

BRIEF DESCRIPTION OF THE DRAWINGS 45 
[0014] 

Fig. 1 is a diagram showing the arrangement of a 
conventional optical space communication appara- so 
tus; 

Fig. 2 is a diagram showing the arrangement of an 

optical space communication apparatus according 

to the first embodiment of the present invention; 

Figs. 3 A and 3B are views for explaining the rela- 55 

tionship between the beam spot position on a pho- 

todetector and the reception power; 

Fig. 4 is an explanatory view of the method of seek- 



ing maximum reception power; . 
Fig. 5 is an explanatory view of the method of seek- 
ing maximum reception power; 
Fig. 6 is a diagram showing the arrangement 
according to the second embodiment of the present 
invention; 

Fig. 7 is an explanatory view of automatic tracking 
angular range adjustment of a photodetector; 
Fig. 8 is a diagram showing the arrangement 
according to the third embodiment of the present 
invention; 

Fig. 9 is a diagram showing the arrangement 
according to the fourth embodiment of the present 
invention; and 

Fig. 10 is a diagram showing the arrangement 
according to the fifth embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0015] An optical space communication apparatus 
according to the present invention will be described in 
detail hereinafter on the basis of embodiments illus- 
trated in Figs. 2 to 10. 

[0016] Fig. 2 shows the arrangement of the first 
embodiment. A light transmission/reception lens system 
30 and movable mirror 31 are placed at a position 
opposing the partner apparatus, and a polarization 
beam splitter 32, transmission optical system 33, and 
semiconductor laser light-emitting element 34 are 
placed in turn in the incoming direction of the movable 
mirror 31. In the reflection direction of the polarization 
beam splitter 32, a reception optical system 35 and pho- 
todetector 36 are placed. 

[001 7] The output from a transmission signal input ter- 
minal 38 is connected to the light-emitting element 34 
via an amplifier 37. The output from the photodetector 
36 is connected to an reception signal output terminal 
40 via an amplifier 39. The output from the amplifier 39 
is connected to a control circuit 42 via a detecting circuit 
41, the output of which is fed bacK to the amplifier 39. 
The output from the control circuit 4-2 is connected to the 
movable mirror 31 via two movable mirror drivers 32a 
and 32b. 

[0018] A transmission signal is input from the input ter- 
minal 38 and is amplified by the amplif ier 37. The signal 
is then converted into an optical signal by the light-emit- 
ting element 34, and the optical signal is transmitted 
through the transmission optical system 33 and polari- 
zation beam splitter 33. The optical signal is output to 
the partner apparatus in the form of a light beam via the 
movable mirror 31 and transmission/reception lens sys- 
tem 30. 

[0019] On the other hand, a received light beam com- 
ing from the partner apparatus is input via the transmis- 
sion/reception lens system 30, and is reflected by the 
movable mirror 31. and the cemented surface of the 
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polarization beam splitter 32. After that, the received 
light beam is focused on the main signal photodetector 
36 by the reception optical system 35. An electrical sig- 
nal, which is converted from the optical signal by the 
photodetector, is amplified by the amplifier 39, and is 5 
then output as a reception signal from the output termi- 
nal 40. A signal output from the detecting circuit 41 is 
input to the control circuit 42 and is used for detecting 
the reception power. The control circuit 42 sends drive 
signals to the movable mirror drivers 43a and 43b on the 10 
basis of the input signal. At the same time, the output 
signal from the detecting circuit 41 is used in automatic 
gain control of the amplifier 39. 
[0020] In this embodiment, the reception directivity 
angle as the receivable angular range of an optical sig- is 
nal sent from the partner apparatus is set to be smaller 
than the divergent angle of the transmission light beam. 
For example, when the focal length f of the reception 
optical system 35 is 200 mm and the diameter d of the 
detection portion of the photodetector 36 is 0.2 mm, the 20 
reception directivity angle is around 0.029° from 
+tan 1 (d/2f) . On the other hand, when the distance L of 
the transmission light beam is 1,000 m, and the beam 
diameter D at that position is 2 m. the divergent angle is 
around 0.057° from itan _1 (D/2L) . 25 
[0021] In order to attain automatic tracking, a trans- 
mission light beam from the own apparatus must reach 
the partner apparatus, and a transmission light beam 
from the partner apparatus must also reach the own 
apparatus. 30 
[0022] When the divergent angle of the transmission 
light beam is smaller than the reception directivity angle, 
the transmission light beam from the own apparatus 
does not always reach the partner apparatus even when 
the own apparatus receives the transmission light beam 35 
from the partner apparatus. 

[0023] Conversely, when the reception directivity 
angle is smaller than the divergent angle of the trans- 
mission light beam, if the angle of the own apparatus is 
adjusted to receive the transmission light beam from the 40 
partner apparatus, the transmission light beam from the 
own apparatus can surely reach the partner apparatus 
in that state. 

[0024] In the optical space communication apparatus 
of the present invention, the receivable angular range of 45 
an optical signal (second optical signal) transmitted 
from the partner apparatus is set to be equal to or 
smaller than the divergent angle of a light beam (first 
light beam) to be output from the own apparatus. 
[0025] Especially, the receivable angular range of the so 
second optical signal is preferably smaller than the 
divergent angle of the first light beam. 
[0026] Furthermore, in order to locate the partner 
apparatus at an optimal position near the center of the 
transmission light beam, the following automatic track- 55 
ing control must be done so that the beam spot obtained 
by focusing the received light beam is located near the 
center of the photodetector 36. 



[0027] As shown in Fig. 3A, when the received light 
beam is focused on the light-receiving surface of the 
photodetector 36, changes in reception power corre- 
sponding to the central position of the beam spot are 
defined by a curve having a central peak, as shown in 
Fig. 3B. Hence, by controlling the movable mirror 31 to 
form a beam spot at the position corresponding to the 
maximum reception power, the direction of the trans- 
mission light beam can be simultaneously controlled to 
an optimal position. 

[0028] Figs. 4 and 5 are explanatory views of the 
method of seeking the position of maximum reception 
power by driving the movable mirror 31. In Fig. 4, P0 
represents the current central position of the beam spot, 
and the beam spot is moved by a small amount in the +x 
direction to move the central position from P0 to P1. At 
this time, if the reception power remains the same or 
increases, P1 is updated as new P0. Conversely, if the 
reception power decreases as a result of movement the 
beam spot is reset to the previous position P0. Such 
operation is done as one unit, and upon completion of 
this operation, the same operation is made in another 
direction (e.g., +y direction). Also, the operation repeats 
itself in the -x and -y directions. By repeating a series of 
operations, the beam spot position converges to the 
maximum reception power position. 
[0029] Fig. 5 shows another method. The beam spot 
position is moved in turn to points P1 to P4 around the 
current position P0. and the reception power is meas- 
ured at these positions. The beam spot position is then 
moved to the maximum one of these points to deter- 
mine new P0. 

[0030] Such operations are influenced by variations of 
reception optical power resulting from fluctuation of air. 
However, since the same operations always repeat 
themselves, the influences of variations are averaged 
so the spot converges near the center. Note that the sig- 
nals input to the control circuit 42 may be electrically fil- 
tered in advance to remove variation components. 
[0031] Such control method has a low response 
speed. However, a sufficiently high tracking speed can 
be assured against large environmental variations such 
as changes in angle resulting from deflection of the inte- 
rior of the apparatus, a base that supports the appara- 
tus, a building that holds the base. and. the like due to 
different thermal expansion coefficients upon tempera- 
ture changes, and bending of a light beam resulting 
from a nonuniform temperature distribution of air. 
[0032] Fig. 6 shows the arrangement of the second 
embodiment In this embodiment, drive means 44 such 
as a motor or the like is attached to the photodetector 
36, so that the photodetector 36 is mo\/able in the opti- 
cal axis direction of the reception optical system 35 that 
focuses the received light beam. In the first embodi- 
ment the angular range capable of automatic tracking is 
relatively narrow since it is nearly equal to the receiva- 
ble angle of the photodetector 36. However, in this 
embodiment, since the photodetector 36 is movable in 
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the optical axis direction, the angular range capable of 
automatic tracking can be broadened. 
[0033] Fig. 7 is an explanatory view of the automatic 
tracking angular range. Assume that the light-receiving 
portion of the photodetector 26 is located at a position s 
A, and received light travels in a direction indicated by 
the dotted line, in a state before adjustment upon instal- 
lation of the apparatus, or when the apparatus has a tilt 
as a result of some external force. In such state, since 
received light does not enter the photodetector 36, auto- 10 
matic tracking is disabled. However, when the photode- 
tector 36 is moved to a position B within the received 
light, automatic tracking is enabled. After that, the posi- 
tion corresponding to maximum reception power is 
sought by returning the photodetector 36 in the direction is 
of the position A by a small amount. Finally, received 
light travels in a normal direction indicated by the solid 
line, and the photodetector returns to the original posi- 
tion A. Then, automatic tracking is done in the same 
manner as in the first embodiment. 20 
[0034] Fig. 8 shows the arrangement of the third 
embodiment. In this embodiment, the photodetector 36 
is fixed in position, and the drive means 44 is attached 
to a lens system 45 of the reception optical system for 
focusing the received light beam. With this arrange- 25 
ment, a function of moving the photodetector from the 
imaging position of the received light beam by moving 
the lens system 45 in the optical axis direction can be 
realized, and the tracking angular range can be broad- 
ened in the optical axis direction. In this way, in the third 30 
embodiment, the focal point position of the optical sys- 
tem that focuses the received light beam on the photo- 
detector 36 can be movable in the optical axis direction. 
[0035] Fig. 9 shows the arrangement of the fourth 
embodiment. In this embodiment, the angular range 35 
capable of automatic tracking is broadened by also 
using a semiconductor two-dimensional position detec- 
tor. A beam splitting mirror 46 for splitting a light beam is 
placed in the reflection direction of the polarization 
beam splitter 32, and a reception optical system 47 and 40 
two-dimensional position detector 43 are placed in the 
transmission direction of the beam splitting mirror 46. 
Also, the reception optical system 35 and photodetector 
36 are placed in the reflection direction of the beam 
splitting mirror 46. The output from the two-dimensional 45 
position detector is connected to the control circuit 42 
via two amplifiers 49a and 49b. Other arrangements are 
the same as those in the first embodiment 
[0036] Some light components of received light are 
split by the beam splitting mirror 46, and are imaged on so 
the two-dimensional position detector 48. A differential 
current signal corresponding to the irradiated position of 
the beam spot on the position detector 48 in the hori- 
zontal direction is input to the amplifier 49a, and is con- 
verted into a voltage signal representing the beam spot 55 
position. The voltage signal is input to the control circuit 
42. Also, a differential current signal corresponding to 
the irradiated position of the beam spot on the position 



detector 48 in the vertical direction is input to the ampli- 
fier 49b t and is similarly input to the control circuit 42 in 
the form of a voltage signal. The control circuit 42 drives 
the movable mirror 31 based on these beam spot posi- 
tion signals so that the beam spot is located at the 
center of the position detector 48. 
[0037] In this embodiment, the beam splitting mirror 
46 is used as in the prior art. However, since this 
embodiment uses such mirror for the following purpose, 
neither strict positional precision nor signal precision 
are required. That is, when the main signal photodetec- 
tor 36 falls outside the received light beam, the position 
detector 48 controls to adjust the angle so as to make 
the received light enter the photodetector 36. After 
received light is input to the photodetector, tracking is 
done in the same manner as in the first embodiment. 
[0038] To restate, neither strict positional adjustment 
nor a mechanism for maintaining high precision such as 
a 4-split photodetector are required, and the electric cir- 
cuitry around the amplifiers 49a and 49b, and the like 
need not have high precision. Also, the transmitter does 
not require any special signal source such as a pilot sig- 
nal generator, and cost can be reduced as compared to 
the prior art. Hence, the tracking angular range can be 
broadened by a simple arrangement using the two- 
dimensional position detector. 

[0039] Fig. 10 shows the arrangement of the fifth 
embodiment. The first to fourth embodiments are effec- 
tive for slow variations such as deflection of a building, 
base, and the like, but cannot respond to quick varia- 
tions resulting from vibrations and the like. Hence, since 
this embodiment also uses acceleration detectors 50a 
and 50b, the apparatus can be equipped on an unstable 
place where vibrations or the like are likely to occur. The 
acceleration detector 50a for detecting the angular 
velocity of rotation about the axis parallel to the plane of 
paper of Fig. 10, and the acceleration detector 50b for 
detecting the angular velocity of rotation about the axis 
perpendicular to the plane of paper of Fig. 10 are 
placed, and their outputs are connected to the control 
circuit 42 via amplifiers 51 a and 51b. 
[0040] When an angular velocity is produced upon 
movement of the apparatus, the acceleration detectors 
50a and 50b respectively generate signals correspond- 
ing to the angular velocities in the respective directions, 
and these signals are input to the control circuit 42 after 
being amplified by the amplifiers 51a and 51b Upon 
reception of these signals, the control circuit 42 drives 
the movable mirror 31 to recover the direction of the 
optical axis. Since the acceleration detectors 50a and 
50b have no sensitivity to low-speed movement, auto- 
matic tracking for low-speed movement is controlled 
based on the intensity of the light beam detected by the 
photodetector 36 as in the first to fourth embodiments, 
and that for high-speed movement is controlled based 
on the signals output from the acceleration detectors 
50a and 50b. 

[0041 ] To recapitulate, in the optical space communi- 
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cation apparatus according to the present invention, 
since automatic tracking is controlled to maximize the 
intensity of the detection signal from photodetection 
means, a low-cost automatic tracking function can be 
realized. $ 
[0042] That is, since the conventional optical space 
communication apparatus has an automatic tracking 
function of making the beam spot always hit the center 
of the 4-split photodetector, its arrangement is compli- 
cated and the apparatus is expensive. n> 
[0043] By contrast, in the optical space communica- 
tion apparatus according to the present invention, since 
the movable mirror, photodetector, and the like are 
merely moved in a predetermined direction to maximize 
the intensity of the detection signal from the photodetec- is 
Won means, the arrangement is simple, and the appara- 
tus is inexpensive. 

[0044] In the optical space communication apparatus 
of the present invention, the receivable angular range of 
an optical signal (second optical signal) transmitted 20 
from the partner apparatus is set to be equal to or 
smaller than the divergent angle of a light beam (first 
light beam) to be output from the own apparatus. As a 
result even when the automatic tracking function 
effects, the light beam transmitted from the own appara- 25 
tus can surely reach the partner apparatus. 



4. An apparatus according to claim 1 . further compris- 
ing an optical system for focusing the second light 
beam on said photodetection means, and wherein 
said photodetection means is movable in an optical 
axis direction of said optical system. 

5. An apparatus according to claim 1 , further compris- 
ing an optical system for focusing the second light 
beam on said photodetection means, and wherein 
said optical system is movable in an optical axis 
direction thereof. 

6. An apparatus according to claim 1 , further compris- 
ing beam splitting means for splitting the second 
light beam, and detection means for detecting a 
two-dimensional optical position, and 

wherein one of light beams split by said beam split- 
ting means is input to said photodetector, and the 
other light beam is input to said detection means. 

7. An apparatus according to claim 1 , further compris- 
ing acceleration detection means for detecting an 
acceleration, and 

wherein said changing means is controlled on the 
basis of an acceleration signal detected by said 
acceleration detection means. 



Claims 

1. An optical space communication apparatus com- 30 
prising: 

transmission means for converting a first elec- 
trical signal into a first optical signal, and trans- 
mitting the first optical signal to a partner 35 
apparatus in the form of a first light beam; 
photodetection means for detecting a second 
optical signal by receiving a second light beam 
transmitted from the partner apparatus, and 
converting the second optical signal into a sec- 
ond electrical signal; and 
changing means for changing a transmission 
direction of the first light beam and a reception 
direction of the second light beam in a direction 
to maximize an intensity of the second electri- 
cal signal obtained by converting the second 
optical signal detected by said photodetection 
means. 



8. A method of changing transmission and reception 
directions of a light beam in an optical space com- 
munication system for making a communication 
between two distant places using a light beam, 
comprising the steps of: 

converting a first electrical signal into a first 
optical signal, and transmitting the first optical 
signal to a partner apparatus in the form of a 
first light beam; 

detecting a second optical signal by receiving a 
second light beam transmitted from the partner 
apparatus, and converting the second optical 
signal into a second electrical signal; and 
changing a transmission direction of the first 
light beam and a reception direction erf the sec- 
ond light beam in a direction to maximize an 
intensity of the second electrical signal. 



40 



45 



2. An apparatus according to claim 1, wherein a so 
receivable angular range of the second optical sig- 
nal is not more than a divergent angle of the first 
light beam to be transmitted. 



3. An apparatus according to claim 2. wherein the 55 
receivable angular range of the second optical sig- 
nal is smaller than the divergent angle of the first 
light beam to be transmitted. 
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FIG. 3A 
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